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(54) Tide: APPARATUS AND METHOD FOR COOLING AN ELECTOONIC HEAT SOURCE 




(57) Abstract 

According to an aspect of the present invention, the foregoing needs are addressed by an apparatus for cooling a heat source (10), 
including a carrier plate (19) having a channel (28. 38) therein. The channel has an inlet end (30) and an outlet end (31). A cooling region 
(46) is disposed in the carrier plate and is in communication widi the charmel. The coolmg region is sized to be disposed proxunate the 
heat source. A member (40) having an orifice (42) fliwem is disposed in die cooling region. A ratio between a thickness of die member 
and a widdi of die orifice is less dian 0.9. 
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APPARATUS AND METHOD FOR COOLING AN ELECTRONIC 

HEAT SOtmCE 

Field of the Invention 

This invention relates generally to cooling heat 
sources, and, more particularly, to an apparatus and 
method for cooling an electronic heat source. 

Background of the Invention 

Electronic coirponents such as integrated circuits, 
multi-chip modules, passive coitponents and power 
transistors, which are generally mounted to surfaces 
such as circuit boards, may be heat sources which 
require cooling during normal operation as well as 
during testing and tuning. 

Traditionally, electronic components have been 
cooled by natural or forced air convection which 
involves moving large volumes of air past the components 
or past heavy heat sinks attached to the con^onents. 
Advances in electronic devices, however, have resulted 
in some electronic devices having power densities which 
exceed the capabilities of traditional natural or forced 
convective air cooling. 

Evaporative spray cooling, cold plates and jet 
impingement cooling are examples of thermal management 
techniques which use liquid coolants, rather than air, 
to dissipate heat generated by electronic components. 

Evaporative spray cooling, or two-phase cooling, 
features the spraying of atomized fluid droplets 
directly or indirectly onto a surface of a heat source 
such as an electronic component. When the fluid 
droplets impinge upon the component's surface, a thin 
film of liquid coats the conponent, and heat is removed 
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prWily by evaporation of the fluid fron. the 
coitiponent's surface. 

Although evaporative spray cooling ■! 

cooling tectaK^e r^,, Zl lt ^ 
"dielectric u^id=. becus, fl^iVLT""' 

cc»p„nent., tie fluid opture partLuUta l.^ 
fro. the electronic conpcnents, su^ni!^ 
Which Clog spray nozzles end ilpe^e tL ' 
spraying of the fluid i„ effective 

be re<„ir^ Prior " to ;etu::",^'^"=^^^ 
=y=te™, so that operation ^1 , . ^^-^'^--^^-S 
the testinc ,„H "oelins system during 

-y be i^Ltcaf '"^''^ '^'^'^-^^ =<>*°-L 
for an^'rir^co'led^h '"^'^""^ " '^^"^^^ 

fluid fiH:;r::t:iV" 

was originally 'JZZ. "ZTZT" 
Whole surface of «n «i . • technique cools the 

rrace of an electronic module, rather th«r, 
primary heat sources sur-h ^= • ^- . ^^"'^^^ 

c~ts, located ;n tt ^^The^^^r'^ 
the co„^le.ity of flow passages In cold :ir' ' 

<-oj.a plates are much Ipcjo 
-bievable using spray cooling, becau': 

•UP to several ^anrper^r:,^',^^^- 
successful application of cold ^IrLfjir"^ 

method ^: : - '™ - 

t.Qo±ing a heat source surh ■• 
component which, among other thLT V "'""^^"^^^^ 
the heat source to ^«3"ire 

and does noTrlLe a ^^^^^'^^ ^^-^ 

not require a phase change operation, which 
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cools only the heat generating portion of the electronic 
component, which featxires low flow rates and which 
allows the electronic component to be cooled during the 
testing and txining process. 



Summary of the Invention 

According to an aspect of the present invention, 
the foregoing needs are addressed by an apparatus for 
cooling a heat source, including a carrier plate having 
a channel therein. The channel has an inlet end and an 
outlet end. A cooling region is disposed in the carrier 
plate and is in communication with the channel. The 
cooling region is sized to be disposed proximate the 
heat source. A member having an orifice therein is 
disposed in the cooling region. A ratio between a width 
of the orifice and a thickness of the member is less 
than 0.9. 

According to another aspect of the present 
invention, an apparatus for cooling an electronic 
component mounted to a substrate is disclosed. The 
substrate has a first side and a second side and the 
electronic component is mounted to the first side. The 
apparatus includes a carrier plate coupled to the second 
side. The carrier plate has a first fluid distributing 
channel and a second fluid distributing channel therein. 
The first fluid distributing channel is in communication 
with a fluid inlet port and the second fluid 
distributing channel is in communication with a fluid 
outlet port. A first fluid receiving area, defining a 
first chamber, is disposed in the carrier plate and is 
in communication with the first fluid distributing 
channel. A second fluid receiving area, defining a 
second chamber, is disposed in the carrier plate and in 
communication with the second fluid distributing 
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sua the second charter, a ran„ k . cha,„ber 

the p.«e . ~ "la^ .^T^'^'^ " 

0.9. The f-iv^*. *n ""tice and is less than 

the first c^T Z tmZ ™ - 
"a aischar.es the fl^LTlTtheT ^ 
toward the secona side o. ^e ZZT 
fluid distribution channel receives L!',, ! " 
second ^ha^ ^ .^J^^ - 

providing a carrier plate^aZ a "^ 

Channel havin. an inTe. ^^I'^T 

a coolin, region proxi^te the heat source l^^'"' 

re,.on disposed in the carrier plate and In 

coimunication with the channel- rti. 

- orifice therein with^! ' """"^ ' ^'"^ "^-"^ 
hetwaen a thicWss of tte 1^ T ^ 
orifice hein. less tt T. ^ ptt.^ d 
chamber and a second K defining a first 

receiving a fl d^ he^lertr T 

"uid to the first aJZeTlZ' '"'^ 

fluid and discharging the luid In o hV'""""' '"^ 

^a^he outlet end reding the Jira'^rtrstr' 

.™ a~ -o.e 

following description of t e alerted ^Z:. ^"^ 
the invention which have h=, ^^^'^"^ .^^'^<^W of 

Of illustration. I ZlTrl^T.T.T-'''^ 
capable of other and different eLt„ent , 
aetails are capable of n«lificatio„s in va;i"s 
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respects. Accordingly, the drawings and description are 
to be regarded as illustrative in nature, and not as 
restrictive. 

Brief Description of the Drawings 

FIG,. 1 is a perspective view of a typical 
electronic conponent. 

FIG. 2 is a front view along line 2-2 of the 
electronic component depicted in FIG. 1, illustrating a 
typical manner of mounting the component to a substrate, 

FIG. 3 is a perspective view of the electronic 
conponent mounted as shown in FIG. 2, further depicting 
a disassembled apparatus for cooling the electronic 
component according to a preferred embodiment of the 
present invention. 

FIG. 4 is a side-view of the fully- assembled 
apparatus shown in FIG. 3. 

FIG. 5 illustrates operation of the apparatus shown 
in FIG. 4 in conjunction with a cooling system having a 
closed-loop fluid flow, according to a preferred 
embodiment of the present invention. 

FIG. 6 illustrates the vena contracta phenomenon, 
which occurs during operation of the cooling system 
shown in FIG. 5. 

Detailed Description of the Preferred Embodiments 

Turning now to the drawings, wherein like numerals 
designate like components, FIG. 1 is a perspective view 
of a typical electronic component 10. Component 10 
includes a number of terminals 14, a base 17, a cover 
16 and one or more dies (not shown) , which are protected 
by cover 16. 

Electronic component 10 may be, for example, an NPN 
Silicon Radio Frequency (RF) Power Transistor, such as a 
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as depicted in pig i but Ti 7 ^o^'Ponent lo 

and to completely differ^^nf- 
including but not limited to passive 
types of intecrratPrf ^^^^^^e components, all 

hybrid ci'uur ""'^'-^^^^ -d 

FIG. 2 is a front view along line 2-2 
component lo depicted in FIG i electronic 
manner of electrically ^L^^tL "''^" ' 

substrate .s. SubstrLrr ^^iror " ^ 
Of glass-filled epoxy teflon T ^^^^^^ 
Plastic. c^^^nic or 

Base 17 of component 10 extends i 
through substrate 18 t.™- T ^^^^ ^" 

substrate 18 or to a de " ^^^^^^^ ^o 

substrate 18 Z a verier". '""^^ '^^^^^^ ^ 

conductive epo;^ 11 ^ : dnror^t ^"""-^ - 

attached to a carrier plate M ^"^^^rate 18 may be 

PIG 3 i« "^^^^^ further below) 

3 IS a perspective view of t-h=. ^-i ' 
component mounted as shown in Jo 2 f 
a disassembled apparatus for =00^^^?' 
component, accordina tr. ^'^'^^^"S the electronic 

^ide 21 of substrate u is „t!.h!^ 

P-£e„.d e*oai.e„t of the prTs^T " - 
two layers 24 and 26. invention, includes 

I^yer 24 includes a fluid i„i„f 
distributing Channel 2. a fluid" °' ' 

"uid outlet port 31 nlil """^ " ^ 

~1. loTated^ubstr^rureTerert " " 
component lo. unaer electronic 
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Layer 26 includes a fluid receiving area 36 and a 
fluid distributing channel 38. Fluid receiving area 36 
is preferably located substantially under electronic 
component 10 . 

A plate 40, or member, having one or more orifices 
42 (one shown) therein is installed between layers 24 
and 26. Plate 40 is preferably Aluminum Silicon Carbide 
(AlSiC), plastic or stainless steel, but may be any 
other suitable material. Orifice 42 may be any 
geometrical shape, including round or rectangular or 
another suitable shape. Preferably, a ratio of a 
thickness of plate 40 and a width (or a diameter) of 
orifice 42 is less than 0.9, and edges 43 of orifice 42 
facing fluid receiving area 32 are sharp rather than 
rounded . 

Layers 24 and 26 also include a number of vias 34, 
which may be used, for example, for securing substrate 
18 to layer 26, and/or to attach the complete assembly 
to its mounting surface. Layers 24 and 26 are preferably 
permanently secured by brazing, but may be attached 
using various other methods, including but not limited 
to well-known techniques such as fasteners, compliant 
gaskets, ultrasonic welding, brazing, soldering or 
swaging and others. 

Carrier plate 19 is made, for example, of copper, 
AlSiC, plastic or graphite. Although carrier plate 19 
is shown as two layers 24 and 26, it is contemplated 
that carrier plate 19 may be a single piece, and that 
orifice 42 may be formed simultaneously with carrier 
plate 19 using well-known casting techniques. 

As can be seen in FIG. 4, an assembled side view of 
the apparatus shown in FIG. 3, fluid receiving area 32 
and plate 40 define a chamber 44 in the region below 
plate 40, while fluid receiving area 36 and plate 40 
define a chamber 46 in the region above plate 40. 
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PIG 5 depicts operation of a closed-loop systeo, 
till r =°"»=one.t 10, according to a 

preferred e„*odi:„ent of the present invention, a fluid 

■ ri/= ''^^ fluid inlet 

colnt .T " ' -"^ any 

coolant such as water, antifreeze or a dielectric 

coolant, to fluid distributing channel 28. Tube 52 

be coupled to fluid inlet port 30 using a bart^ f" tZ 

(n« Shown,, for e^ie. or b. any other suit^le " 



or.f "^""^ ^"^ " <^l>rough 

orifrce «, which accelerates the fluid and causes it to 
i^inge on second side 21 of substrate 18 
Mtematively. the fluid ^ i^i^e directly onto the 
underside Of electronic c«,pon^t 10. or onti the 

ZTl '^^"""'"^ '° orientation in 

which component 10 is mounted to substrate « For 

ex^ple. if desired, a passage <not shown, „.y extend 
through substrate «. fro. first side 20 to a second 
side 21 Of substrate «. The passage ^y he 
cylindrical, rectangular or of another suitable shape 
imoin " P-ferably configured such that the 

mping^ent point of the fluid is ap^o.i.„tely ali^^ 
with the largest heat generating region or regions S 
con^nent 10 Fluid « .ay be discharged fZlJL 
" at an angle to second side 21 of substrate 18 
preferably at a perpendicular angle to second "de 21 
and may impact ba^sA 11 ' 
J Mifc^auc case X7 of component 10 r»-r r^^.. - 

tbln „e^. Z7JZ:V 

e troi'r: °' " " 

thHr " '""^ surface Of 

the thin .e.^, ^ ^^^^^ 

IIZ T "ns, a roughened surface 

diamonds or a dia.ond-U.e carbon, for example. 

Orifice 42 preferably exploits a hydrodynamic 
Phenomenon ^ as the vena contracta, which^Jl^a 
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when the ratio of the thickness of plate 40 and the 
width (or diameter) of orifice 42 is less than 0.9. 
When this condition is met, the effective flow area 
immediately downstream of the orifice is less than the 
actual area of orifice 42. This reduced flow area 
causes the fluid to flow at a faster velocity than if 
the vena contracta was not present, and results in 
higher heat transfer coefficients in the impingement 
region. 

The vena contracta phenomenon is illustrated in 
FIG. 6, where x 50 represents the width of orifice 42 
and t 52 represents the thickness of plate 40. it can 
be seen that flow area A 54 of fluid 45 is less than the 
area of orifice 42. 

Heated fluid enters chamber 46 and continues on 
through distributing channel 38 before exiting assembly 
100 through fluid outlet port 31. a portion of fluid 
45 may remain for a period of time in recirculation 
region 47 of chamber 46, and additional cooling benefits 
may be realized in region 47, as well as in other 
portions of chamber 46. 

Excess fluid is removed from chamber 46 via fluid 
distributing channel 38, where it exits assembly 100 
via fluid outlet port 31. 

A heat exchanger 53, connected to pump 50 by tube 
54 and to fluid outlet port 48 by tube 56, receives 
fluid from fluid outlet port 31. Heat exchanger 53 
rejects heat from the fluid, returning it to primarily a 
liquid phase. Fan 58 may be used to extend the cooling 
capacity of heat exchanger 53. Cooled fluid is supplied 
from heat exchanger 53 to pump 50. Thus, a closed-loop 
flow of coolant is formed. It will be appreciated that 
at any given point the coolant may be a vapor, a liquid 
or a vapor and liquid mixture. 

It is contemplated that any conventional means for 
providing flow of a coolant may be used in conjunction 
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with the described embodiments of the present in 

and that .ore tha. one apparatus ZZZIZTT 

single source of coolant or that on^ «v. 

«ch«,er ass«blies various size., L'^l^ 's 
acceptable tubing «d fittings, are availabll , 
^a^er in vemon Hiils. xiUnois, l ZlZ\llZ 
common sources. ^^'^ 

An electronic component or a group of electronic 
co^rponents having a power density of up to 500 

disclosed apparatus. The removal of heat 
individual electronic directly from 

electronic components, rather ^h^r, * 

thermal stresses Tn .^^-k- associated 

for «^le. water and antifreeze be IZT' 

The dxsclcsed apparatus and methcd is thenr^Hv 
^ff Cient so that the operating t«^erature of^ 
ccolant fluid may reduce the size of a heat JJ 
fifty percent or more. . «changer by 

The apparatuses and methods described herein are 
also easily installed and removed Thus 
the present invention are desirable rcoot^T" " 
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electronic component during the testing and tuning 
process. For example, a test fixture may be designed to 
cool high heat-dissipating electronic components. But 
because the electronic component is mounted in a 
traditional fashion, the ease of assembly of the 
electronic component may be maintained. 

The closed-loop fluid flow system described herein 
also has many advantages. For example, the system 
provides for unobstructed access to individual 
electronic components, further facilitating inspection, 
testing and repair of both the cooling system and the 
electronic components. 

It should be appreciated that the present invention 
is not limited to cooling an electronic component, but 
may be adapted to cool any heat source, for exanple, a 
heat sink or flange which is mounted to a substrate in a 
traditional fashion. 

It is further contenplated that wherever sealing 
and/or fastening may be required, numerous methods and 
materials may be used. For example, fasteners such as 
screws, compliant gaskets, ultrasonic welding, brazing, 
soldering or swaging may be utilized. 

It will be apparent that other and further forms of 
the invention may be devised without departing from the 
spirit and scope of the appended claims and their 
equivalents, and it will be understood that this 
invention is not to be limited in any manner to the 
specific embodiments described above, but will only be 
governed by the following claims and their equivalents. 
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Claims 

We claim: 



1. An apparatus for coolino a h*af- 
apparatus comprising: 

a carrier plate having a channel therein th. 
Channel having an inlet end and an outlet" d 

si^ed to .disposed pro.^; hrLri/r" 

havin: - '--er 

wherein a ratio between a thickness of the memh. 
and a width of the orifice is less than 0 9 

the :Lj::,~i:rT7 " ~ 

Within the cooiL: regL^ ^ ^ ^^^^"^ 

nuidt tL'trt 

rxrst chamber via the 
accelerating the fluid and .ischtgiT^h 'f "^^^^^^^^^ 
the second cha^^er and toward the hea! soLce 

fiuid'^s seTeitT;::Tr''"^ " ^'^^ ^^^^^^^ 

anhs^^ s^-^ected from the group consisting of- water 
antifreeze and a dielectric fluid. ' 

4. The apparatus according to claim i 
shape of the orifi^o • ' "herein a 

or cne orifice is any geometric shape. 

the h'V ^PP^^^tus according to claim 1, wherein 

the heat source coz^rises an electronic component 

6. The apparatus according to claim 1, wherein 
the electronic component is one of a power t;antrs" r 
and an integrated circuit. transistor 
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7. The apparatus according to claim 1, wherein 
the carrier plate is selected from the group consisting 
of: Aluminum Silicon Carbide (AlSiC) , metal and 
plastic. 

8. . The apparatus according to claim 1, wherein 
the carrier plate comprises a first layer and a second 
layer . 
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